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Discovery of the Vanadium Isotopes
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Twenty-four vanadium isotopes have so far been observed; the discovery of these isotopes is discussed. For each
isotope a brief summary of the first refereed publication, including the production and identification method, is
presented.
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1. INTRODUCTION
The eighth paper in the series of the discovery of isotopes, the discovery of the vanadium isotopes
is discussed. Previously, the discovery of cerium [1], arsenic [2], gold [3], tungsten [4], krypton [5],
einsteinium [6], and iron [7] isotopes was discussed. The purpose of this series is to document and
summarize the discovery of the isotopes. Guidelines for assigning credit for discovery are (1) clear
identification, either through decay-curves and relationships to other known isotopes, particle or γ-ray
spectra, or unique mass and Z-identification, and (2) publication of the discovery in a refereed jour-
nal. The authors and year of the first publication, the laboratory where the isotopes were produced as
well as the production and identification methods are discussed. When appropriate, references to con-
ference proceedings, internal reports, and theses are included. When a discovery included a half-life
measurement the measured value is compared to the currently adopted value taken from the NUBASE
evaluation [8] which is based on the ENSDF database [9]. In cases where the reported half-life differed
significantly from the adopted half-life (up to approximately a factor of two), we searched the subse-
quent literature for indications that the measurement was erroneous. If that was not the case we credited
the authors with the discovery in spite of the inaccurate half-life.
2. DISCOVERY OF 43−66V
Twenty-four vanadium isotopes from A = 43− 66 have been discovered so far; these include two
stable (including 50V with a half-life of 1.4×1017 y), seven proton-rich and 15 neutron-rich isotopes.
According to the HFB-14 model [10], 76V should be the last odd-odd particle stable neutron-rich nu-
cleus, and the odd-even particle stable neutron-rich nuclei should continue through 83V. The proton
dripline has been reached and no more long-lived isotopes are expected to exist because 42V has been
shown to be unbound [11]. About 13 isotopes have yet to be discovered. Over 60% of all possible
vanadium isotopes have been produced and identified so far.
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FIG. A. Vanadium isotopes as a function of time when they were discovered. The different production
methods are indicated. The solid black squares on the right hand side of the plot are isotopes predicted
to be bound by the HFB-14 model.
Figure A summarizes the year of first discovery for all vanadium isotopes identified by the method
of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The
radioactive vanadium isotopes were produced using heavy-ion fusion evaporation (FE), light-particle
reactions (LP), neutron-capture reactions (NC), deep-inelastic reactions (DI), and projectile fragmenta-
tion or fission (PF). The stable isotopes were identified using mass spectroscopy (MS). Heavy ions are
all nuclei with an atomic mass larger than A = 4 [12]. Light particles also include neutrons produced by
accelerators. In the following paragraphs, the discovery of each vanadium isotope is discussed in detail.
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43V
The 1987 paper Direct Observation of New Proton Rich Nuclei in the Region 23≤Z≤29 Using A
55A.MeV 58Ni Beam, reported the first observation of 43V at the Grand Acce´le´rateur National d’Ions
Lourds (GANIL) in Caen, France, by Pougheon et al. [13]. The fragmentation of a 55 A·MeV 58Ni
beam on a nickel target was used to produce proton-rich isotopes which were separated with the LISE
spectrometer. “Using magnetic separation and identification through time of flight and δE ×E mea-
surements the nucleus 43V is observed for the first time.” 180 counts of 43V were observed.
44V
Cerny et al. discovered 44V in 1971 at Brookhaven National Laboratory which they reported in A
Highly Neutron-Deficient Vanadium Isotope: 44V [14]. A 6Li beam was produced by the second tandem
of the Brookhaven three-stage MP tandem Van de Graaf facility. A semiconductor telescope was used
to observe β -delayed low-energy α-particles. “Vanadium-44, with a half-life of 90±25 ms, has been
produced by the 40Ca(6Li,2n)44V reaction induced by 18.5 MeV lithium ions.” The measured half-life
is consistent with the accepted value of 111(7) ms.
45V
In 1975 Mueller et al. reported the discovery of 45V in Masses of Tz=-1/2 Nuclei in the 1f−7/2
Shell via the reaction 50Cr(p,6He) [15]. Beams of 46 MeV protons were provided by the Michigan State
University cyclotron and 45V was identified by measuring 6He particles in a magnetic spectrograph.
The masses of proton-rich Tz =−1/2 nuclei were determined. “The nucleus 45V is observed for the first
time.” Approximately 20 counts of the 45V ground state were observed.
46V
Martin and Breckon discovered 46V in 1952 which they announced in The New Radioactive Iso-
topes Vanadium 46, Manganese 50, Cobalt 54 [16]. Protons with energies between 15 and 22 MeV
from the McGill University cyclotron bombarded titanium targets and 46V was produced in the reac-
tion 46Ti(p,n)46V. Positron activities were displayed on a cathode-ray oscilloscope and photographs
of the screen were taken for subsequent graphical analysis. The assignment of 46V was based on the
threshold energy and the ft value. “One is thus led to assign the 0.40, 0.28, and 0.18 sec. activities to the
isotopes V46, Mn50, and Co54, respectively.” The measured half-life agrees with the presently accepted
value of 422(50) ms.
47V
O’Connor et al. identified 47V correctly for the first time in 1942 in their article Artificial Radioac-
tivity of 49Cr [17]. 10 MeV deuterons and 5 MeV protons used in the bombardments of TiO2 were ac-
celerated by the Ohio State University cyclotron. Decay and absorption measurements were made with
a Wulf quartz fiber electrometer connected to a Freon-filled ionization chamber. A half-life of 33 m was
measured which had previously been observed. However, it had been assigned to 49V [18,19]. “A 33-
minute activity assigned to 49V is inconsistent with the assignment of the 41.9-minute activity to 49Cr.
In addition several bombardments of titanium with alpha-particles have failed to reveal the 33-minute
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period. However, deuteron bombardment of titanium and proton bombardment of titanium produce the
33-minute vanadium period with strong activity... If it belongs to 47V, then it is produced from titanium
by (p,n) and (d,n) reactions and possibly by (p,γ) and (d,2n) reactions. The 33-minute activity has been
tentatively assigned to 47V.” The measured half-life is consistent with the accepted value of 32.6(3) m.
48V
Walke reported the discovery of 48V in the 1937 article The Induced Radioactivity of Scandium [20].
The Berkeley cyclotron accelerated α-particles and deuterons to bombard scandium oxide and titanium
oxide, respectively. 48V was then produced in the reactions 45Sc(α ,p) and 47Ti(2H,n). The activities
were measured with a Lauritsen-type quartz fiber electroscope. “It is thus clear the bombardment of
scandium with 11 MeV α-particles gives rise to 48V, this isotope having a half-life of 16.2±0.3 days.
The same isotope has been separated chemically from titanium after activation with deuterons.” The
measured half-life agrees with the accepted value of 15.9735(25) d.
49V
49V was correctly identified for the first time in 1940 by Turner from Princeton University as re-
ported in Radioactive Isotopes of Vanadium [21]. Turner did not perform any new experiments but
rather reconsidered the data by Walke et al. [22,23]. A 600(50) d halflife produced in the bombardment
of titanium by deuterons had been assigned to 47V [22]. The absence of the activity in the reaction
46Ti(α ,p)49V seemed to confirm the assignment to 47V [23]. “Further consideration of the experimen-
tal facts concerning the active V of a half-life of 600 days leads to the conclusion that it should be
attributed to V49 rather than to V47 as hitherto proposed.” As mentioned previously, Walke had in-
correctly assigned the 47V 33-minute activity to 49V [18]. The currently accepted half-life for 49V is
330(15) d.
50V
The discovery of 50V was reported in 1949 simultaneously by Hess and Inghram at Argonne Na-
tional Laboratory in On the Occurrence of Vanadium 50 in Nature [24] and by Leland at the University
of Minnesota in A Naturally Occurring Odd-Odd Isotope of Vanadium [25]. The papers were published
in the same issue of Physical Review and both were submitted on October 24, 1949. In each of the
experiments single and doubly charged vanadium ions were analyzed in a mass spectrometer. Appar-
ently neither of the authors was aware of the other discovery. Hess and Inghram stated “The isotopic
composition of vanadium has been restudied and a new isotope found to be present at mass 50” while
Leland wrote “As part of a program to investigate the isotope abundances of the heavier elements, an
isotope of vanadium of mass 50 having an abundance of 0.23±0.01 was discovered.” 50V is actually
unstable with a half-life of 1.4×1017 y.
51V
Aston discovered the stable isotope 51V in 1924 at Cambridge which he described in The Mass
Spectra of Chemical Elements-Part V. Accelerated Anode Rays [26]. A vanadium chloride sample was
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used in a mass spectrograph. “A single line appeared at the expected position corresponding to mass-
number 51. This was compared with 39K on the one side and with 56Fe on the other, and showed no
measurable variation from a whole number”.
52V
Amaldi et al. discovered 52V in 1934 as reported in Radioactivity Produced by Neutron Bombard-
ment V [27]. An activity of 4 m measured in a chemically separated sample following neutron irradia-
tion at the Physical Laboratory of the University of Rome, Italy. “It is very likely that 52V is involved,
which also could be obtained by bombarding 51V” [28]. In a subsequent publication the half-life was
quoted as 3.75 m [28]. This half-life agrees with the accepted value of 3.743(5) m.
53V
The observation of 53V was first reported by Kumabe et al. in the 1960 article (n,He3) Reactions
of Medium Weight Nuclei Induced by 14.8-Mev Neutrons [29]. 400 keV deuterons from the University
of Arkansas Cockroft-Walton Accelerator produced neutrons via the reaction T(d,n)He4 and 53V was
produced in the reaction 55Mn(n,3He). “Identification of the products was accomplished by comparison
with the well established half-lives of the nuclides formed in the irradiation.” The half-life of 53V was
measured to be 2.0(3) m which is consistent with the presently adopted value of 1.60(4) m. It was not
considered to be the discovery of 53V because Schardt and Dropesky had reported its observation in
1956 in a conference contribution [30]. In addition, it should be mentioned that in 1954 Sheline and
Wilkinson had reported a half-life for 53V of 23(1) h [31]; however, these results were later retracted
[32].
54V
In 1970 Ward et al. reported the observation of 54V in Decay of 54V [33]. 14.8 MeV neutrons
produced via the T(d,n)He4 reaction in the University of Arkansas Cockroft-Walton Accelerator bom-
barded an enriched sample of 54Cr. 54V was then created in the charge-exchange reaction 54Cr(n,p)
and identified by its γ- and β -ray emission. “The half-life of 54V was measured by employing the ND
3300 analyser in the time mode using either the biased γ-ray counts or the coincident β -ray counts.”
The measured half-life of 43(3) s is consistent with the currently accepted value of 49.8(5) s. It was not
considered to be the discovery of 54V because Schardt and Dropesky had reported its observation in
1956 in a conference contribution [30].
55V
Nathan et al. reported the discovery of 55V in their 1977 article β -Decay of 54−55V and the Mass of
55V [34]. 9Be ions were accelerated to 20 MeV by the Brookhaven MP6 tandem Van de Graaff and 55V
was produced in the fusion-evaporation reaction 48Ca(9Be,np). “55V was initially identified through the
β -delayed observation of 518- and 881-keV γ rays that were previously observed in 54Cr(n,γ)55Cr.”
The measured half-life of 6.54(15) s is currently still the only measured half-life for 55V.
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56V
Guerreau et al. reported the discovery of 56V in the 1980 paper Seven New Neutron Rich Nuclides
Observed in Deep Inelastic Collisions of 340 MeV 40Ar on 238U [35]. A 340 MeV 40Ar beam accel-
erated by the Orsay ALICE accelerator facility bombarded a 1.2 mg/cm2 thick UF4 target supported
by an aluminum foil. The isotopes were identified using two ∆E-E telescopes and two time of flight
measurements. “The new nuclides 54Ti, 56V, 58−59Cr, 61Mn, 63−64Fe, have been produced through 40Ar
+ 238U reactions.” At least twenty counts were recorded for these isotopes. Breuer et al. detected 56V
independently only a few months later [36].
57,58V
The isotopes 57V and 58V were first observed by Breuer et al. in 1980 as described in Production
of neutron-excess nuclei in 56Fe-induced reactions [36]. 56Fe ions were accelerated to 8.3 MeV/u by
the Berkeley Laboratory SuperHILAC accelerator and bombarded self-supporting 238U targets. New
isotopes were produced in deep-inelastic collisions and identified with a ∆E-E time-of-flight semicon-
ductor detector telescope. “In addition, tentative evidence is found for 56Ti, 57−58V, 60Cr, 61Mn, and
63Fe.” 27±7 and 12±4 events for 57V and 58V were observed, respectively.
59,60V
Guillemaud-Mueller et al. announced the discovery of 59−60V in the 1985 article Production and
Identification of New Neutron-Rich Fragments from 33 MeV/u 86Kr Beam in the 18≤Z≤27 Region
[37]. At GANIL in Caen, France, a 33 MeV/u 86Kr beam was fragmented and the fragments were sep-
arated by the triple-focusing analyser LISE. “Each particle is identified by an event-by-event analysis.
The mass A is determined from the total energy and the time of flight, and Z by the δE and E measure-
ments... In addition to that are identified the following new isotopes: 47Ar, 57Ti, 59,60V, 61,62Cr, 64,65Mn,
66,67,68Fe, 68,69,70Co.” Approximately 13 counts of 59V and three counts of 60V were observed.
61V
In their paper New neutron-rich isotopes in the scandium-to-nickel region, produced by fragmenta-
tion of a 500 MeV/u 86Kr beam, Weber et al. presented the first observation of 61V in 1992 at GSI [38].
69Fe was produced in the fragmentation reaction of a 500 A·MeV 86Kr beam from the heavy-ion syn-
chroton SIS on a beryllium target and separated with the zero-degree spectrometer FRS. “The isotope
identification was based on combining the values of Bρ , time of flight (TOF), and energy loss (4E)
that were measured for each ion passing through the FRS and its associated detector array.” Twenty
events of 61V were observed.
62−64V
Bernas et al. observed 62V, 63V, and 64V for the first time in 1997 as reported in their paper Discov-
ery and cross-section measurement of 58 new fission products in projectile-fission of 750·A MeV 238U
[39]. Uranium ions were accelerated to 750 A·MeV by the GSI UNILAC/SIS accelerator facility and
bombarded a beryllium target. The isotopes produced in the projectile-fission reaction were separated
using the fragment separator FRS and the nuclear charge Z for each was determined by the energy loss
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measurement in an ionization chamber. “The mass identification was carried out by measuring the time
of flight (TOF) and the magnetic rigidity Bρ with an accuracy of 10−4.” 104, 28 and two counts of 62V,
63V and 64V were observed, respectively.
65,66V
65V and 66V were discovered by Tarasov et al. in 2009 and published in Evidence for a change in
the nuclear mass surface with the discovery of the most neutron-rich nuclei with 17≤ Z≤ 25 [40]. 9Be
targets were bombarded with 132 MeV/u 76Ge ions accelerated by the Coupled Cyclotron Facility at
the National Superconducting Cyclotron Laboratory at Michigan State University. 65V and 66V were
produced in projectile fragmentation reactions and identified with a two-stage separator consisting of
the A1900 fragment separator and the S800 analysis beam line. “The observed fragments include fifteen
new isotopes that are the most neutron-rich nuclides of the elements chlorine to manganese (50Cl, 53Ar,
55,56K, 57,58Ca, 59,60,61Sc, 62,63Ti, 65,66V, 68Cr, 70Mn).”
3. SUMMARY
The discovery of the isotopes of vanadium has been cataloged and the methods of their discovery
discussed. The discovery of 50V is unique because it was reported simultaneously by two independent
groups. The half-life of 47V was first attributed to 49V while the half-life of 49V was first assigned
to 47V. The first observations of 53V and 54V were reported in a conference proceeding with the first
publication in refereed journals only four and fourteen years later, respectively. In addition, 53V had
been reported earlier but the results were retracted a year later by the authors.
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EXPLANATION OF TABLE
TABLE I. Discovery of Vanadium Isotopes
Isotope Vanadium isotope
Author First author of refereed publication
Journal Journal of publication
Ref. Reference
Method Production method used in the discovery:
FE: fusion evaporation
LP: light-particle reactions (including neutrons)
MS: mass spectroscopy
DI: deep-inelastic reactions
NC: neutron-capture reactions
PF: projectile fragmentation or projectile fission
Laboratory Laboratory where the experiment was performed
Country Country of laboratory
Year Year of discovery
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